`Stem bark aqueous extracts of eight woody plants Brachychiton populneus, Ceiba pentandra, Bombax malabaricum, Chorisia speciosa, albizia lebbeck, Bauhinia variegata, Kigelia africana and Pinus halepensis were tested for their mutagenic and antimutagenic potential in the Ames test with Salmonella typhimurium strains TA98 and TA100. The aqueous extracts were neither toxic nor mutagenic in S. typhimurium tester strains. All of the tested extracts showed detectable antimutagenic effect towards the direct acting mutagens 2-nitrofluorene (2-NF) in TA98 as well as sodium azide in TA100. The extract from Kigelia africana was the most effective in reducing the mutagenicity caused by the direct mutagen 2-NF in the TA98 with 85.42% inhibition rate. A. lebbeck stem bark extract demonstrated the highest antimutagenic activity reducing the base substitution mutations rate for strain TA100 by 94.66% in pre-incubation assay. The results obtained showed that the stem bark aqueous extracts tested can protect cells against induced gene mutations.
introDuction
In the last 20 years, the interest in medicinal plants has increased together with the number of investigations into their biological effects on human beings. Today plant-derived systems play an essential role in healthcare [1, 2, 3] . Investigation into traditionally used medicinal plants is valuable for the screening and development of potential chemotherapeutic drugs and for establishing the safety of their continuous use. Thus, studies for their cytotoxic, mutagenic as well as antimutagenic potential are necessary to support the safe use of medicinal plants.
It has been postulated that mutations play a key role in carcinogenesis process and can also contribute to the pathogenesis of other chronic diseases, such as atherosclerosis, neurodegenerative diseases, degenerative hearth diseases, glaucoma etc. [4] . Thereby, the research work related to the discovery, characterisation and use of antimutagens is very important. Plants are the promising source of antimutagens which occur in them as secondary metabolites. Several plant extracts or their constituents have proved to contain a variety of antimutagenic and antigenotoxic compounds [5, 6, 7, 8, 9] . These antimutagens may help in strengthening cellular defences against environmental mutagens/ stress and thus preventing the development of several mutation-related diseases.
In this work we assessed the mutagenic and antimutagenic potential of certain stem bark aqueous extracts from eight woody plants by using bacterial reverse mutation assay.
Materials anD MethoDs

Plant materials
Stem bark of eight trees: Brachychiton populneus Schott & Endl., Ceiba pentandra L., Bombax malabaricum DC, Chorisia speciosa A.St.-Hil., albizia lebbeck (L.) Benth., Bauhinia variegata L., Kigelia africana (Lam.) Benth. and Pinus halepensis Miller were collected from the botanical gardens of Faculty of Agriculture, Assiut University, Assiut, Egypt. Botanical identification was carried out by the Botanists, Faculty of Science, Assiut University. The stem bark samples of plants were cleaned, shade dried, powdered and stored in the dark under refrigerated conditions.
Preparation of plant extracts
The plant material powder (1 g) was macerated in distilled water (10 ml) during 48 h with continuous stirring at room temperature. Afterwards, the extracts were filtered with a Whatman No. 1 filter paper and sterilized using 0.22 µm Millipore membrane filters. The experiments were performed at concentration of 100 µl/plate, corresponding to 10 mg/plate dry plant matter, respectively.
Bacterial strains
Histidine auxotrophic strains of Salmonella typhimurium TA98 (hisD3052 rfa ΔuvrB bio -pKM101) and TA100 (his G46 rfa ΔuvrВ bio -pKM101) were obtained from the Department of Genetics of Lomonosov Moscow State University (Moscow, Russia). Strain TA98 was used for determining the frameshift and TA100 was used to determine the base pair exchange mutations. The genetic characteristics of each strain were tested as recommended [10] . ГЕнЕТИчЕСКая ТоКСИКоЛоГИя 1.4. Chemicals 2-Nitrofluorene (2-NF) and sodium azide (NaN 3 ) were purchased from Sigma Chemical Co., St. Louis. Ampicillin and dimethyl sulfoxide (DMSO) from Merck (Germany) were also used.
Mutagenicity assay
In preliminary study all the extracts were tested for toxicity with the Salmonella typhimurium strain TA98. In the cytotoxicity assay, S. typhimurium cells mixed with 100 µl of plant extract were plated and grown on nutrient agar plates, as reported previously [10] . The extract samples with >50% viable cells were considered non-toxic compared with the viability of the negative (solvent) control.
The Ames assay was performed as earlier [10, 11] using the plate incorporation method. The test strains were grown in nutrient broth supplemented with 25 µg/ml ampicillin to a density of 1-2 × 10 9 cells/ml. 100 µl of each plant extract were added to 2 ml of 45 °C molten top agar, supplemented with 0.5 mM L-histidine and 0.5 mM D-biotine, mixed with 100 µl of bacterial culture and then poured on to a plate containing minimal glucose agar medium. Then the plates were incubated at 37 °C for 48-72 h. The numbers His + revertant colonies per plate were counted. All samples were tested in three independent experiments with triplicate plates. Negative (solvent) and positive controls were included in each experiment. 2-NF dissolved in DMSO (2 µg/plate) for strain TA98 and NaN 3 dissolved in distilled water (4 µg/plate) for strain TA100 were used as a positive control to ensure that the assay was working efficiently.
1.6. Antimutagenicity assay Co-incubation of plant extracts with mutagens and Salmonella typhimurium strains Antimutagenic potential of aqueous extracts was determined with the S. typhimurium strains TA98 and TA100 in the basis of described Ames test [10, 11] . In the antimutagenicity assay, the samples of extracts that had neither toxic nor mutagenic effects on the S. typhimurium cells were used.
Here, 100 µl of tester strain culture with a density of 1-2 • 10 9 cells/ml, 100 µl of the aqueous stem bark extract to be tested mixed with 100 µl of mutagen solution, and 2 ml of molten top agar supplemented with 0.5 mM L-histidine and 0.5 mM D-biotin were added to each tube. The mixture was poured onto minimal glucose agar plates. The plates were incubated for 48-72 h at 37 °C and then the His + revertants colonies were scored. The antimutagenicity was expressed as percentage of inhibition calculated by the following equation [12, 13] :
where T is the number of revertants per plate in the presence of mutagen and plant extract and M is the number of revertants per plate in the positive control. The number of spontaneous revertants was subtracted from the numerator and denominator.
The antimutagenic effect was considered strong and moderate when the inhibition effect was higher than 40% or between 25% and 40%, respectively. An inhibition effect less than 25% was not considered a positive result [13, 14] .
Pre-incubation of plant extracts with S. typhimurium strains
To determine the effect of pre-incubation of plant extracts with S. typhimurium strains, a mixture consisting of 100 µl of extract to be tested and 100 µl of S. typhimurium strain TA98 or TA100 culture was incubated at 37 °C for 30 min with gentle shaking. Then, 100 µl of 20 µg/ml of 2-NF for strain TA98 or 40 µg/ml of NaN 3 for strain TA100 were added to the mixture. The antimutagenicity assay was performed as mentioned above.
Statistical analysis
The results were expressed as mean ± SD of of three independent experiments (three replications per sample in each experiment). The one-way ANOVA test was used to analyse the result and P < 0.05 was considered significant.
results
Mutagenicity testing
To examine the effect of plant extracts on viability of S. typhimurium tester strains used in mutagenicity and antimutagenicity tests, we conducted the preliminary cytotoxicity assay with S. typhimurium strain TA98. Our data (Table 1) show that no toxic effect was observed for any extracts using S. typhimurium strain TA98. A good survival degree of the S. typhimurium cells (>50%) was found after all the extracts samples exposure. Thus, all GEnEtIC toXICoLoGY eight stem bark aqueous extracts can be investigated for their mutagenic and antimutagenic potential in S. typhimurium strains TA98 and TA100 without the risk of obtaining false-negative results.
Results of the mutagenicity assay of plant extracts are presented in Table 2 . Colony counting in the Ames test showed that there was no essential difference in the numbers of His + revertant colonies induced by stem bark aqueous extracts and spontaneous background for S. typhimurium strain TA98 as well as for strain TA100. These results suggest that all tested aqueous extracts do not possess mutagenicity in S. typhimurium strains TA98 and TA100. On the other hand, the numbers of His + revertants induced by positive control mutagens (2-NF and NaN 3 ) significantly increased the spontaneous mutation rate in the both S. typhimurium tester strains. Table 3 shows the data obtained in antimutagenicity assessment of the extracts in relation to 2-NF and NaN 3 using co-incubation protocol. Antimutagenic effect against sodium azide was more pronounced than 2-NF. The Kigelia africana aqueous extract was the most effective in reducing the mutagenicity caused by the direct mutagen 2-NF in the TA98 with 85.4% inhibition. The inhibitory effect exerted by the extracts for base pair sutstituation mutaions induced by NaN 3 in the TA100 ranged from 31.6% to 75.9%. Table 4 illustrates the antimutagenic potential of eight tree stem bark aqueous extracts when tested using the pre-incubation protocol. Varying effects of plant extracts on direct-acting mutagens 2-NF and NaN 3 were obtained. It should be emphasised that, in general, the inhibitory effect of stem bark extracts against NaN 3 in the strain TA100 (87.7-94.7%) was higher than against 2-NF in TA98 (21.6-82.5%). At the same time, Kigelia africana extract significantly decreased the number of induced His + revertant colonies in both tester strains. Inhibition percentages were 81.2% and 89.2% for 2-NF and NaN 3 , respectively. albizia lebbeck demonstrated the highest antimutagenic activity (94.7%) in the TA100 strain in pre-incubation assay.
Antimutagenic effects of tree stem bark aqueous extracts
Discussion
The results obtained from this study showed that all aqueous extracts of the stem bark of eight trees are not mutagenic in bacterial reverse mutation assay. The number of revertants caused by the extracts tested was not two-fold higher than that obtained with negative control [11] . Thus, any of these extracts did not induce base pair substitution as well as frameshift gene mutations in bacterial cells (S. typhimurium strains TA98 and TA100). There are limited data on the genotoxic properties of extracts prepared from plant species used in the present work. Nevertheless, the results of our investigation are similar to the other published data. According to data obtained by Eldeen et al. [15] , bark and root extracts of Kigelia africana were not mutagenic in the Ames assay. Pandey and Agrawal [16] reported that Bauhinia variegata bark extract did not demonstrate significant genetic toxicity in mouse bone marrow cells. Yim et al. [17] performed in silico screening of 9 compounds found in the bark of albizia lebbeck for their potential side effects like tumorigenicity, mutagenicity etc. According to their data, D-catachin, melacidin, lebbecacidin, leucocynadin, the most important components of albizia lebbeck bark, do not possess mutagenic and tumorigenic potential.
All of the tested extracts showed detectable antimutagenic effect towards the direct-acting mutagens 2-NF as well as NaN 3 after the simultaneous treatment of tester strains cells with mutagens and extracts. Significant survival results for S. typhimurium tester strain TA98 exposed to all eight aqueous extracts alone in a toxicity assay verify that the decrease in the number of 2-NF and NaN 3 -induced His + revertants in the presence of aqueous extracts in the Ames assay is due to their antimutagenic effects. The extracts were somewhat more active in inhibiting frameshift mutations in TA98 than in TA100, with base pair substitution mutations. We observed strong antimutagenic activity of all aqueous extracts against 2-NF while inhibition rate of NaN 3 mutagenicity was lower, especially for extracts of Kigelia africana, Chorisia speciosa and Brachychiton populneus. At the same time, preliminary incubation of tester strains with stem bark aqueous extracts results in an increase of the antimutagenic effect of extracts towards NaN 3 in strain TA100 (87.73-94.66%). However, we observed a lower inhibitory effect against 2-NF under these conditions.
The application of protocols of co-incubation, pre-incubation with plant extracts and the known mutagens allows us to suggest the mechanisms of the antimutagenic effect of plant extracts tested. It is known that antimutagens are classified into two groups: desmutagens and bioantimuta- GEnEtIC toXICoLoGY gens [18] . Desmutagens inactivate mutagens by bounding or chemical modification of its molecule directly. Bioantimutagens block the mutagenic process by modification of the transmembrane transport of mutagens, activating the error-free DNA repair system, and increasing the fidelity of DNA replication or modulation of chemical compound biotransformation and etc. [4, 5, 19] . 2-NF is a direct acting mutagen and carcinogen; its mutagenicity has been determined in microbial test-systems and proved on experimental animals. In the Ames assay, 2-NF nitroreduction followed by O-acetylation is a critical pathway that leads to mutagenesis [20, 21] . Paul et al. [22] showed the possibility of 2-NF nitroreduction by human microflora in female Wistar rats. It has also been proposed that the mutagenicity of 2-NF in bacterial cells may be partly connected to oxidative stress. Salmonella tester strains that are deficient in 8-oxo-guanine DNA glycosylase demonstrated increased mutagenic activity after incubation with 2-NF. It suggests that the reduction of 2-NF nitro groups results in the formation of reactive oxygen species (ROS) which cause DNA lesions such as 8-hydroxydeoxyguanosine [23, 24] .
High inhibition of the 2-NF mutagenicity after co-incubation with all tested plant extracts suggests that their activity could be essentially assigned to desmutagenic effects. Inactivation of the compound before its biotransformation by bacterial enzymes seems to be the dominant antimutagenic mechanism of the extracts against the effect of 2-NF. On the other hand, we observed strong antimutagenic activity of aqueous extracts of three plants Kigelia africana, Bauhinia variegata, albizia lebbeck towards 2-NF in a pre-incubation assay. Based on our results, we can propose that these extracts decrease the mutagenicity of 2-NF by combining desmutagenic and bioantimutagenic effects.
Sodium azide, another mutagen used in this work is known to be highly mutagenic in many bacterial and plant species [25] [26] [27] [28] . The mutagenicity of NaN 3 is mediated through the production of L-azidoalanine catalysed by the enzyme O-acetylserine sulphydrylase. This metabolite interacts with DNA and induces gene mutations [27, 29] .
The results obtained in this study indicate that the pre-treatment of bacterial cells with stem bark aqueous extracts led to a decrease of NaN 3 mutagenicity. This could be explained by the fact that tested extracts induce changes in membrane permeability and protect cells against NaN 3 mutagenicity as a consequence. We cannot, however, exclude that a remarkable decrease of NaN 3 mutagenicity in the pre-incubation assay could be associated with suppressing the metabolic activation of the mutagen, particularly blocking of the enzyme O-acetylserine sulphydrylase activity or activating DNA repair enzymes as well.
The protective effect of aqueous extracts observed in the present study may correspond to several compounds of plants and their synergic participation. Polyphenols constitute one of the most important groups among a various number of secondary metabolites produced by plants. Many plant polyphenols, such as ellagic, caffeic and ferulic acids, catechins have been shown to possess antimutagenic and anticarcinogenic activity [30, 31, 32] . It has been suggested that such activity is attributed to their antioxidant effects. Thus, good correlation between the in vitro antioxidant activity of certain natural compounds such as green tea catechins, sesamol etc. and their antimutagenic activity have been reported [33, 34, 35] . The antioxidant activity of phenolic compounds has mainly been associated with their redox properties, hydrogen donors and singlet oxygen quenchers.
Results of the presented work supported the previously reported antimutagenic activity of Kigelia africana leaves flavonoids assessed using cyclophosphamide induced micronuclei formation and chromosomal aberrations in mouse bone marrow [36] . It has previously been demonstrated that methanol extracts of Bauhinia variegata bark shows protective effect against H 2 O 2 induced pBR322 DNA damages [37] and cyclophosphamide induced micronuclei formation in Swiss bone marrow cells [16] .
The data of the present study allow us to consider the extracts tested as a promising source of components with antimutagenic and potential chemopreventive activity as a result. The further identification and characterisation of the compounds present in the stem bark extracts tested to determine their role in antimutagenicity will provide important data to create new effective chemoprophylactic agents and reduce the risk of cancer.
conclusions
The results of this study indicate that the Kigelia africana aqueous extract is very effective in reducing the mutagenicity caused by the direct mutagen 2-NF in the TA98 with 85.42% inhibition rate. The extract obtained from albizia lebbeck demonstrated the highest antimutagenic activity decreasing the base substitution mutations rate by 94.66% in pre-incubation assay. Thus, the stem bark aqueous extracts tested can protect cells against induced gene mutations and could be used for development of functional food and new chemopreventive agents. 
